Chickpea is an important food legume crop of Turkey and is largely grown for human consumption on low moisture or salt-affected soils. The objective of the study was to find the effects of NaCl stress at electrical conductivities of 4.5, 8.6, 12.7 and 16.3 dS/m and seed sizes (7, 8 and 9 mm) on germination and early seedling growth of three popular chickpea cultivars (AKN-97, Gokce and Uzunlu-99). Mean frequency of germination, germination time, germination index, root length, shoot length and seedling fresh weight showed seed size-dependent responses of cultivars to salt stress. In general, small seeds germinated and grew more rapidly compared to medium and large seeds of the same cultivars against all levels of salt stress, with the best results in cultivar Uzunlu-99. No effect of NaCl treatments was observed on frequency of germination; however, a drastic decrease in early seedling growth was recorded at increased NaCl concentrations. Regression analysis results showed a significantly positive relationship (P<0.01) between seed size and mean germination time, whereas a significantly negative relationship was recorded between seed size and germination index, root length, shoot length. Moreover, linear regression values apparently confirmed that increased seed size in each cultivar affected decreased germination index, root and shoot lengths with enhanced mean germination time. Thus, it was concluded that the use of small seeds could considerably reduce the production costs of chickpea in salt-affected soils.
INTRODUCTION
Chickpea (Cicer arietinum L.) is an annual grain legume that is used extensively for human consumption in Turkey. Chickpea is classified into 'desi' and 'kabuli' types based primarily on seed color. Desi chickpea has a pigmented (tan to black) seed coat and small seed size (>100 seeds/28.47 g). Kabuli chickpea has white to cream-colored seed coat and ranges in size from small to large (>100 to <50 seeds/28.47 g) (Miller et al., 2002) .
Chickpea is largely grown on low moisture soils of Anatolia where evaporation exceeds precipitation, resulting in salt accumulation on the soil surface (Meiri, 1984; Pessarakli, 1999) . There are conflicting reports on the effects of salinity on seed germination and growth in chickpea and many other species and cultivars (Bliss et al., 1986; Hampson and Simpson, 1990) . However, it could not be determined clearly that differences between cultivars against salt tolerance are mainly due to genetic or morphologic factors. Soltani et al.(2002) proposed that large seeds had an Journal of Zhejiang University SCIENCE B ISSN 1673-1581 (Print); ISSN 1862-1783 (Online) www.zju.edu.cn/jzus; www.springerlink.com E-mail: jzus@zju.edu.cn advantage in producing more vigorous chickpea seedlings under saline or non-saline conditions. Gan et al.(2003) indicated that the use of small seeds and shallow planting reduced the production costs without reduction in seed yield.
Although chickpea, like other legumes, is largely salt sensitive (Mass and Hoffman, 1977; Lauter and Munns, 1986; Ashraf and Waheed, 1993; Özdemir and Engin, 1994; Welfare et al., 2002; Ozcan et al., 2000) , there are significant differences among chickpea cultivars against salt tolerance during germination. However, Kheradnam and Ghorashy (1973) recorded relatively small differences among four Iranian chickpea cultivars in their germination response to NaCl and tolerance to salinity. While Goel and Varshney (1987) and Yadav et al.(1989) agreed that germination of chickpea is relatively less affected by salinity than subsequent early seedling growth, Kumar (1985) emphasized that later growth stages of chickpea are more sensitive to salt stress compared to earlier growth stages.
The plants flower profusely with indeterminate growth habit, and continue to flower and set pods as long as climatic conditions are favorable. This results in seeds of different sizes even in the same variety as they are composed of seed mixtures extracted from early, middle or late pollinating flowers with wide range of variation in chickpea seed size (Upadhyaya, 2003) . Variation in seed size is associated with geographical effects on genetic factors, irregular flowering, number of seeds per pod, and number of pods per plant (Pedersen et al., 1961; Smithson et al., 1985; Miller et al., 2002) . The seeds of chickpea cultivars differ in several respects including size, color and shape. Two loci B and F r are responsible for changes in seed size and shape. However, their effects are modified by combination of factors including rainfall, temperature and number of seeds per pod (Smithson et al., 1985) . The aim of the study was to investigate the influence of salt stress on factors affecting germination of seeds with different sizes from three Turkish chickpea cultivars.
MATERIALS AND METHODS
The seeds of Uzunlu-99, Gokce and AKN-97 (kabuli type) were obtained from Central Field Crops Research Institute, Ankara, Turkey, with mean protein percentages of 19.91%, 25.30% and 23.12%, respectively. They were separated into small (7 mm), medium (8 mm) and large (9 mm) sized seeds by passing through a series of sieves. The 100-seed weights of three cultivars are shown in Table 1 .
NaCl concentrations at electrical conductivities of 4.5, 8.6, 12.7 and 16.3 dS/m were adjusted before the start of the experiment. Distilled water served as a control (0.0 dS/m).
Four replicates of 50 seeds for each cultivar (50×4=200 seeds) were germinated between four rolled filter papers with 60 ml of respective test solutions. The papers were replaced every 2 d to prevent accumulation of salts (Rehman et al., 1996) . Each rolled paper was placed in a sealed polythene bag to prevent evaporation. Seeds were allowed to germinate at (20±1) °C in the dark for 10 d. A seed was considered to be germinated when the emerging radicle elongated to 2 mm. Germination percentage was recorded every 24 h for 10 d. Mean germination time (MGT) was calculated for the rate of germination (Ellis and Roberts, 1980) with the following formula:
where f is the number of newly germinated seeds on each day and x is days of counting.
Germination index (GI) was calculated by the method of Wang et al.(2004) with the formula as following:
where G i is the germination percentage at the ith day, and T t is days of germination test. The higher GI results show the higher seed quality and better performance (Wang et al., 2004) . Root and shoot lengths and seedling fresh weight were measured on the 10th day. Ten grams of seeds respectively from each seed size and cultivar were placed in Petri dishes containing distilled water to determine water uptake of seeds necessary for germination. The water uptake was measured as fresh weight percentage increase in seed weight.
The experiment was designed with 3 factors and arranged at random. The first factor was cultivars (Uzunlu-99, Gokce and AKN-97), the second was seed sizes (7, 8 and 9 mm), and the third was different NaCl solution levels (0.0, 4.5, 8.6, 12.7 and 16.3 dS/m). Data given in percentages were subjected to arcsine transformation before statistical analysis. Analysis of variance (ANOVA) for all investigated parameters and linear regression analysis to investigate the effect of seed size on investigated parameters were performed by using the MSTAT-C computer software, version 2.10 (Michigan State University, USA). Significant differences among means were compared by LSD test (P<0.05).
RESULTS
Water uptake was significantly (P<0.05) affected by the interaction between cultivars and seed size, with variable behavior in the three cultivars (Fig.1) . The small, medium and large seeds of Uzunlu-99 uptook 41.5%, 61.5% and 74.9% water before germination, respectively. This showed that increase in seed size of Uzunlu-99 was accompanied by corresponding increase in the water uptake to germinate seeds. Contrarily, the small, medium and large seeds of Gokce utilized 61.7%, 55.8% and 69.99% water, respectively, and the small, medium and large seeds of AKN-97 used 70.8%, 65.6% and 71.9% water, respectively. Importantly, the medium seeds of both Gokce and AKN-97 needed less water compared to small and large seeds to germinate. Moreover, the amount of water needed to germinate small and large seeds of AKN-97 was similar, whereas the amount of water needed to germinate small and large seeds of Gokce varied significantly.
NaCl solutions had no effect on frequency of germination, and 100% germination was observed under all NaCl treatments (data not shown). A significant 3-way interaction (cultivar×seed size×NaCl level) was observed for all other investigated characters (P<0.05, df=90). MGT increased with each increase in NaCl stress and seed size in all cultivars. The small seeds (7 mm) of AKN-97, Gokce and Uzunlu-99 took the minimum MGT to germinate under all salt stress conditions. Contrarily, the large seeds (9 mm) of three cultivars took the maximum MGT to germinate under all salt stress conditions in general (Table 2) . GI was significantly affected by NaCl and seed size. Small seeds of all cultivars gave the highest GI values at all NaCl concentrations, while increasing NaCl concentration reduced GI variably (Table 3) . Small seeds of Uzunlu-99 gave higher GI at both 4.5 and 8.6 dS/m compared to the control (0.0 dS/m).
Increased NaCl concentration decreased root length of all cultivars; however, this decrease was more prominent with large seeds (9 mm) of respective cultivars. Small seeds (7 mm) gave the longest roots at control (Table 4) . Increased seed size and salt concentration caused corresponding decreases in root length in all cultivars. The longest roots were obtained from small seeds in each cultivar under all salt stress conditions.
The longest shoots were obtained from Uzunlu-99 on small seeds (7 mm) under all NaCl concentrations. Shoot length was severely influenced by salt stress with complete inhibition and no shoots at NaCl stress of 16.3 dS/m in all cultivars (Table 5) . Medium and large seeds of Gokce and large seeds of AKN-97 also failed to develop shoots at NaCl stress of 12.7 dS/m. The results further show that small seeds were superior to medium and large ones at NaCl stresses of 4.5 to 12.7 dS/m.
As no shoot growth was recorded in the medium and large seeds of Gokce and large seeds of AKN-97 at NaCl stress of 12.7 dS/m and all seeds of all cultivars at NaCl stress of 16.3 dS/m, therefore their root growth was evaluated as seedling fresh weight (Table 6 ). Compared to control, each increase in NaCl concentration and seed size resulted in remarkable decrease in seedling fresh weight for all cultivars. Although seed sizes had different responses to each NaCl concentration, the highest seedling fresh weight (71.2 mg/plant) was observed from medium seeds of Uzunlu-99 (control). Linear regression analysis results showed non-significant relationship between seed size and germination percentage or seedling fresh weight (data not given). However, a significantly positive relationship (P<0.01) was recorded between seed size and mean germination time, whereas a significantly negative relationship was recorded between seed size and GI, root and shoot lengths (Table 7) . Linear regression values confirmed that increased seed size apparently resulted in decreased GI, root and shoot lengths with enhanced mean germination time.
DISCUSSION
The primary action of osmotic inhibition is retardation of water uptake, which is crucial for germination (Kahn, 1960) . Seed size affected the water uptake and consequently growth parameters of the investigated cultivars. The effect of salinity stress was more prominent on AKN-97 and Gokce compared to Uzunlu-99.
NaCl adversely affected the germination time and early seedling growth of chickpea, but any inhibitory effects of NaCl on germination percentage Relationship between seed size and mean germination time, germination index, root and shoot lengths was significant (P<0.01)
were not determined. The results of this study are in agreement with the observations of Murillo-Amador et al.(2002) in cowpea and Okcu et al.(2005) in pea. They observed that NaCl did not adversely affect germination percentage but delayed MGT. The lower MGT in control (0.0 dS/m) and reduced MGT in small seeds compared to medium and large seeds of all cultivars under all levels of NaCl stress may be due to more rapid water uptake; different concentration of NaCl may have created an osmotic barrier resulting in inhibition of corresponding water uptake, which is in agreement with Nieman (1965) , Wignarajah et al. (1975) and Yasseen et al.(1987) , who emphasized that NaCl inhibits growth by reducing both cell division and cell enlargement. GI of small seeds of each cultivar was higher compared to medium and large seeds under no stress (0.0 dS/m) or all levels of NaCl stress. Wang et al.(2004) indicated that the GI gave the best results to predict field emergence of Sudan grass. Root length was severely influenced by NaCl stress; however, small seeds produced the longest roots. It is assumed that small seeds absorbed water more rapidly compared to medium and large seeds, which resulted in fast root growth. Contrarily, Soltani et al.(2002) observed that root length was diminished by increasing NaCl concentration. They also noted that large seeds gave longer roots compared to medium and small seeds. It is presumed that the differences could be due to different genotypes used in this study.
Shoot growth was more adversely affected by hypocotyl injury due to different levels of NaCl than the root especially at 16.3 dS/m in all cultivars. The results are in agreement with Esechie et al.(2002) , who proposed that hypocotyl injury was more severe under saline soils compared to non-saline soils. On the other hand, small seeds exhibited better performance than large seeds. Soltani et al.(2002) found that increasing seed size resulted in decreasing shoot length, while no significant differences were determined for the investigated cultivars in the current study.
As a result of decreasing root and shoot lengths, seedling fresh weight decreased under increased NaCl concentrations in all cultivars of chickpea. This study further shows that NaCl had greater inhibitory effects on early seedling growth rather than on germination, in agreement with similar observation in alfalfa (Redmann, 1974) . It is assumed that reducing cell division and plant growth metabolism induced by accumulation of Na + ion caused changes in ion balances and the imbalance of mineral nutrients resulted in a reduction or an inhibition of plant growth (Mer et al., 2000) . The linear positive relationship between seed size and mean germination time showed that each increase in salt stress resulted in corresponding increase in the germination time of small, medium and large seeds of three cultivars. The significantly negative relationship between seed size and GI, root and shoot lengths suggested that each increase in NaCl concentration resulted in these inhibitory or toxic effects of NaCl, which was observed only after the start of elongation of radicle. Furthermore, the beneficial effects of small seeds under both saline and non-saline conditions were clearly observed in this study. Small seeds (7 mm) germinated and grew more rapidly under NaCl stress, showing that they could be preferred on salt-infected soils to achieve higher levels of crop yield. It is thus concluded that NaCl had no toxic effect on seed germination; however, it affected early seedling growth negatively.
